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I ABSTRACT

A Programmable Video Digiti z ing Sys tem ( PVDS ) has been

developed that will digitize selected por tions of the return

TV analog video from the Ebsicon camera at the GEODSS ETS.

The digitized video can then be processed by either a micro-

processor or a Modcomp Computer. From the data, the sof tware

may then determine object centroiding , n ight sky background

calculations , signal/noise ratios and object rate/direction

calculations for closed loop track~ ng . The system may also

be used to process digitized data from future sensors, i.e.,

infrared or CCD.
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I. INTRODUCTION

-
• The Programable Video Digitizing System (PVDS) was

first conceived as a signal processing system operating on a

selected portion of the return video from an EBSICON camera

mounted on the GEODSS ETS telescope. The preliminary design

called for a f ixed portion of the video to be digitized ,

stored and processed by a microprocessor. The fixed sample

area would be a 16 element by 16 line area, on the video,

nominally placed at the boresight of the W picture.

The design has since been expanded to allow a variable

size and position sample area, selectable by the operator,

• the size of which can be as large as 4096 elements. Each

video pixel will be digitized to an eight bit word with the

digitizing rate being 10 Mhz.

There can be up to 3 sample areas defined at any one

time. The sample area is drawn on the video so that the

operator may view where the sampling is taking place. The

sample area can be defined with either a drawn box on the

video or a cursor.

• . Under program control the sample area can be read into

one of four 4096 x 8 bit memories (4K binary) . These

memories can be switched to an external processing device

such as the Modcomp computer or another microprocessor .

The memory and memory control logic has been designed

around the concept of a four port memory system. Up to four

1
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different data sources can have access to the four 4K x 8 bit

memories. The control of this access will be maintained in

the software of the System Control & Bookkeeping Microprocessor

(MicroprocessorA).

The PVDS design , then , has evolved into a sophisticated

buffer switching and storage system. The buffer switching,

memory control and data processing is all software controlled .

This allows for flexibility and expansion of the system.

Listed in Table 1 are some of the design features.

The first design phase of the PVDS will only handle

data from the EBSICON video. Software routines will be

written to do such things as object centroiding , night sky

background, and ra te/direc tiona l calculations for automatic

closed loop tracking .

Figure 1 gives a block diagram of the system. It can

be seen that expandability of the system would include a

memory port for the CCD video and possibly some other

sensor.

A caution should be observed in that this is a preliminary

report ag opposed to the final functional use of this system.

The reader should be aware that the implementation of the PYDS

may differ , in the f inal analysis , from the report. However,

the philosophy of design and logic description should stay

relatively stable.

2



TABLE 1

PVDS HA RDWARE FEATURES

1. DATA FLOW CONTROLLED BY SOFTWARE

2. DIGITAL BUS SWITCH ALLOWS MEMORY’S
ADDRESS AND DATA BUS TO BE SWITCHED
UNDER P ROGRAM CONTROL (HA RDWARE
SWITCHING TIME hiS)

-

• 

3. BLOCKS OF 4K X 8 BIT MEMORIES CAN BE
LOADED WITH REAL TIME DATA AND THEN
BE SWITCHED TO A PROCESSOR UNIT (i.e.,
MICRO-PROCESSOR8 OR MODCOMP)

4. BY TOGGLING MEMORY BLOCKS (i.e., DOUBLE
BUFFERING) PROCESSOR CAN HAVE LONGER
DATA REDUCTION TIME

5. VIDEO SAMPLING AREA (i.e, SIZE & POSITION)
CAN BE CONTROLLED BY SOFTWARE

6. TWO TYPES OF DIGITAL BUS SWITCHING

~• a. ON/OFF - ALLOWS ACCESS TO A COMMON
BUS BY VARIOUS MEMORY PORTS

b. 3 POSITION/CENTER OFF - ALLOWS MEMORY
TO BE ACCESSED WHILE DATA TRANSFER
IS STILL HAPPENING ON COMMON BUS

1
3
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II. SYSTEM BLOCK DIAGRAM

Figure 2 shows a ha’dware block diagram of the Programmable

Video Digitizing System (PVDS). This section of the report

gives a brief description of the blocks within Figure 2.

A. MicroprocessorA

MicroprocessorA is the system control and bookkeeping

processor. It will handle all of the operator/system interaction ,

logic interface , task coordination , all the I/O to the

Control Panel , including monitoring switch closures and

lighting system LEDS. It will control the memory buffer

switching and the video sample area. It will communicate

F with the operator via an alphanumeric Terminal (ADDS), and

will be the master control for synchronizing Microprocessor8

and the Modcomp for doing data sampling and reduction .

MicroprocessorA will also have access to the sampling memories

via one of the four memory ports which can be used for data

reduction and diagnostics.

B. MicroprocessorB and Modcomp

M icroprocessorB will be the designation given to the

processor which will solely be dedicated to data reduction .

It will be able to access the memories which contain the

sampled data.

C. Control Panel

The control pane l will be made up of programmable

switches and LED displays. The switches will be used 
as5
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operator interaction control. The LED ’S will display the

sample area size and position , along with the centrc.~

position of an object.

D. Video Processing Logic

The video processing logic will do video conditioning,

sync generation and video switching. It will also house the

Phase Lock Loop (PLL) logic which generates the 10.2375 Mhz

video A/D sample signal.

E. Video A/D and D/A

This unit contains the 20 Mhz Tektronix video A/D and

D/A along with the associated interface control. It receives

the raw video along with the sample clock and sends a digitized

8 bit word to the memory basket . The D/A within the box

will be used to re-convert the digitized data to video .

This can be used as a confirmation of proper system operation.

• F. System Control Basket (SCB)

The System Control Basket (SCB) is a 13 card AUGAT

logic basket that houses the lcgic used for system control.

This basket interfaces directly to MicroprocessorA .

Each card in the SCB has access to an 8 bit tn -state

bi—directiona l data bus along with an 8 bit address bus.

The address bus defines 256 , 8 bit data registers. There

can be up to 16 such registers on each card . It is through

this interface scheme that Microprocessor
A communicates to

the sys tem.

7 
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• Each card is given a mnemonic which is associated with its

function along with an SCB number. The SCB number describes

the slot the card is assigned in the basket, e.g., SCB—1 is

System Control Basket , slot 1 of 13.

At present there are 7 cards assigned to the System

Control Basket . A brief description of the function of each

card is given below (refer to Figure 3).

1. Control Panel Interface Card (CPI) SCB—1

This card interfaces MicroprocessorA to the system

switches , LEDs and the operator controlled joystick on the

Control Panel.

2. System Timing Card (STC ) SCB-3

-
• 

The System Timing Card generates all of the timing

signals used in the video sampling . These timing signals

are generated from the video sync signals within the Video

Processing Basket. This card also generates the interrupts

to Microprocessor~ which facilitates the synchronizing of

• the video sampling and data reduction .

3. PIA Con d i t i o n i n g  Card-X (PCCX) SCB-4

This  ca r d i n te r faces MicroproceaaorA with the System

Control Basket. It makes up the tn —state bi—directional

data bus and the address bus from the microprocessor ’s

Peripheral Interface Adapter (PIA) chips. It also contains

an 8 level priority interrupt design for system interrupts.

• 8
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4. Box Samp le Card 1 thru 3 (BSC1-BSC3) SCB—5

thru SCB—7

The Box Sample Card receives from MicroprocessorA four

pieces of information: the x and y coordinates of the

beginning of the video area to be sampled and the sample

area ’s height and width. Prom this information it then

generates the timing window to sample the digitized video.

This timing window , designated BOXWINDOW , is sent to the

Memory Basket to gate the data into the memory .

This card also sends these timing signal to the Video

Insert Card in the Video Processing Basket which draws the

samp le area on the raw video picture so that the operator

may see the actual field of view that is being sampled.

This card also accepts commands from MicroprocessorA to

draw a cursor on the screen .

The name Box Sample Card comes from the drawn box on

the video . There are 3 such cards in the system, all with

the same design , but each with different register addresses.

This allows the operator to have up to 3 boxes drawn on the

screen and thus 3 sample areas defined at the same time.

5. Memory Control Driver Card (MCD) SCB-l3

This card is the communication interface from Microprocessork

to the Memory Basket. It sends the control signals to the

-
• 4 memory ports and memory cards . These signals control the

buffer switching and data sampling.

10
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C. Memory Basket (MB)

The Memory Basket (MB) is a 13 card AUGAT logic basket

that contains the 4 port memory design and 4, 4096 X 8 bit

Fast Memory Cards.

The 4 port memory design allows up to 4 sources to

access any one of the 4K blocks of memory . The access is

under software control via MicroprocessorA .

A brief description of the logic cards is given below.

The card mnemonic along with the slot number (e.g., MB-l

thru MB~-l3) is also given. (Refer also to Figure 3.)

1. MicroprocessorA Memory Port (MAP) 148-3:

The MicroprocessorA Memory Port interfaces the CPU bus

of the M6800 to the address/data bus common to the Fast

Memory Cards. This interface is tied to MicroprocessorA

through a card called the Microprocessor Bus Extension Card

(MBE) housed in the microprocessor module.

When the MAP is given access to the Past Memory Cards,

then the selected card will appear as a 4K block of memory

in MicroprocessorA ’s memory map.

2. Video A/D Memory Port (ADP) 148-4:

This card interfaces the data from the Video A/D Box to

the Fast Memory Card . It generates an address for the data

and receives a BOXWINDOW signal from the Box Sample Cards to

enable the data into the memory. It also contains the logic

11 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -• ~~~~~~~~~~~~~~~ •



for allowing summed or unsummed fields of video to be sent

to the Fast Memory Cards.

3. Memory Control Card (MCC) MB ’-5:

This card receives commands from MicroprocessorA via

the System Control Basket. It controls which memory port

has access to one of the 4 Fast Memory Cards. It also

controls the state of each Fast Memory Card , those being

OFF , INTERNAL or EXTERNAL .

4. Fast Memory Card (FMC1—FMC4) 145-6 thru MB-9:

The Fast Memory Card is a 4096 x 8 bit memory card that

has an access write or read time of 30 ns.  There are 4 such

cards in the Memory Basket.

A memory may be accessed through one of two routes.

One is labeled an internal address/data bus and the other ii

called the external bus. The internal bus is a common t n —

state bus , common to a l l  the memory ports in the system .

The external bus allows an external device to access the

memory , independent of any other activity with the other

memories. The bus switching and memory access control is

handled from the Memory Control Card via the software in

M icroprocessorA . Each of the Fast Memory Cards is the same

design with separate control coming from the Memory Control

Card .

12
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III. THE INTERFACE BETWEEN THE SYSTEM CONTROL LOGIC AND

MICROPROCESSORA .

The system control interface for the PVDS is based on a

• design called a Register Configured System Design. The

system appears to the software as 256, 8 bit registers.

• Each register is uniquely defined as being an Output Type
- 

. Register or an Input Type Register.  This determination of

register types is dictated by the hardware needs. A detailed

list of each register ’s function and type is given in Section

XIII .

Each register may be accessed by the software. The

software does so by issuing an 8 bit address to the Register

Configured System. If that selected register is an Output

Type Register (microprocessor to hardware) then that particular

register will be alerted to accept data from the bi—directional

data bus. If the 8 bit address is an Input Type Register

(hardware to microprocessor) then that register puts its

data on the bi-directional data bus where it is subsequently

read by the software .

A. Address BUS & Si-Directional Data Bus Design

Figure 4 shows a block diagram of the design for the

• Register Configured System. The microprocessor accesses the

r address bus and input/output data bus via Motorola ’s Peripheral

(I Interface Adapte r Chips (P IA ) .  The PIA i* the chip used by

Motorola to interface the CPU chip to the outside world.

13
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Each one of the PIAs is a dedicated location in micro—

processorA s memory map. Thus , data may be stored to a PIA

f rom one of MicroproceasorA ’s accumulators. Likewise, data

may be loaded from the PIA into an accumulator.

A PIA may be configured to allow data to be output or

input. There is al so a control l ine on each PIA tha t is

used for data handshaking . Various PIA modes can be defined

by the sof tware w r i t i n g  to the PIA5 control register.

The PIA i n i t i a l i z a t i on  program described in Appendix A

shows how the c o n f i g u r a t i o n  of the PIAs is determined for

use wi th  the PVDS . A more detailed description of the PIA

is given in Motorola ’s M680 0 Microprocessor Application

Manual .

The Register Configured System Design uses all of the

PIAs in the so called “pulse mode” of operation . In this

mode , any time da ta are either output or input f rom a PIA,

the MicroprocessorA ’s phase 2 (~ 2) clock accompanies the

data transfer. This pulse is termed a Data Sync Pulse (DSP)

to the logic and is used by the logic to synchronize the

data transfers.

For the Register Configured System Design one of the

PIA channels is def ined as an output PIA and is used as the

source of the 8 bit register address (ADRBUS PtA) . Another

is used as an inpu t PIA (INDATA PIA) and data from Input

15
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Type Registers are loaded through this PIA . The third PIA

channe l is configured as an output PIA (OUDATA PIA ) and data

are stored through th i s  PIA to any of the Output Type Registers.

The four th  PIA channe l is called the Interrupt PtA

(INTRE G PIA ) and is described in more detail in Section IIIB

below.

The data from the Address Bus PIA , Input & Output Data

PIA are interfaced to the system via the PIA Conditioning

Card X (PCCX ) .  This card is located in the System Control

Basket (SCB-4) .  This card creates an 8 bit address bus and

an 8 bit bi-directional tn -state data bus. This bus is

sent to every card w i t h i n  the System Control Basket . Each

card interfaces to the bus in the same fashion . This front

end in terface, common to all the cards in the System Control

Basket, is described in Section IIIC.

Also sent to each card is the Data Sync Pulse associated

with the Output Data PtA (OUDSP) and the Input Data PIA

(INDSP). The Output Da’-a Sync Pulse is used by Output Type

Registers to latch the data from the bi-d irectional data

bus . The Input Data Sync Pulse is used only as a timing

re fe rence dur ing hardware check out .

The PCCX card steers data from Input Type Registers ,

off the bi-directional data bus and to the INDATA PtA. The

card also steers the 8 bits of data from the OUDATA P1k onto

16
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the bi-directiona l data bus and passes along the Output Data

Sync Pulse. The Output Data Sync Pulse is regenerated such

that the data are solid on either edge of the pulse.

B. Priority Interrupt Design

Because the microprocessor only has one level of interrupt

to the CPU , an 8 level priority interrupt scheme was designed.

This design allows up to 8 external interrupts to asynchronously

• interrupt the CPU . Figure 5 shows a block diagram of the

design.

An interrupt occurs on the high to low going edge of an

• interrupt level from the PVDS logic. This will set an

• associated interrupt fli p/flop, if that level is enabled .

This interrupt will be passed on to a Priority Encoder. The

Priority Encoder makes the highest priority interrupt level

a 3 b i t  code and passes this number to the Interrupt PIA.

It also pulses this PIA which in turn interrupts the CPU .

The software then inputs the 3 bit code that caused the

interrupt . This 3 bit code will indicate one of eight

interrupt handlers the software may execute .

Bit 7 of the Interrupt PIAs control register will be

set when any interrupt occurs. If there are other peripheral

chips within the system that may also cause an interrupt on

the CPU ’s T~~ line, then this bit may be tested to determine

if the interrupt came from the Interrupt P1k. This bit will

be automatically cleared when the Interrupt PtA is read.

17
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Since the Interrupt P1k is configured in the so called

pulse mode and as an input type P1k, there is a sync pulse

associated with the Interrupt number read . This sync pulse

initiates the sequence to clear the interrupt flip/flop that

caused the interrupt and allow another interrupt to occur.

The interrupts that will be used in the PVDS are described

in detail in Section 111D2 . The software considerations for

these particular interrupts are also given.

C. Cow~~n Register Address Decode

Figure 6 shows a front view of the System Control

Basket. Shown also are the card slots presently used , their

function and the registers that are accessible on each

card .

Each card slot (whether presently used or not) has the

register address bus , tn -state bi-directional data bus , and

output data sync pulse . Each card also has the same front

end logic design to decode the address bus with the normal

register configuration allowing each card to have up to 16,

8 bit registers.

Figure 6 shows the block diagram of the register address

decode logic that is common to each card in the System

Control Basket. From the 8 bit address bus the 4 MSB5 are

decoded to select one of 16 cards that is being accessed ,

the 4 MSBs and the four LSB5 will select 1 of 16 registers

19
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on that card. Each register will be defined as an Input or

Output Type Register.

An example of an In put Type Register an d an Outpu t Type

Register is shown. For the Input Type Register (Register

S~ in Figure 7) the software has put an 8 bit code on the

AD RBUS PIA which has filter through to this card giving an

enable signa l for register $~~. This enable signal turns on

the 8 bit tn -state drivers associated with register $0

and puts the data on the bus. These data aie transferred back

to the INDATA P1k through the PCCX card . They are then read by

the software through the INDATA PIA.

For the Output Type Register example in Figure 7, an 8

bit address is put on the address bus, the first 4 bits

being a SF. The “enable register SF” line goes high. 8

bits of data are then sent to the bi-directional data bus

through the OUDATA P1k and the PCCX card . The data are thus

present at the Output Type Register along with the Output

Data Sync Pulse . Since the load input to the register has

been enabled , the Output Data Sync Pulse loads the register.

The Output Data Sync Pulse goes to all Output Type

Register.- 
~~~~~~
‘ ‘~‘~

y the particular register enabled will pass

the pulse through to the load input.

D. Software Considerations for the Interface

1. Accessing the Registers.

21
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The software may access any 8 bit register in the

system by following the flow chart in Figure 8. Notice that

the interfacing PIAs have been assigned labels with these

labels being the actual core location of the P1k.

The register of interest is enabled by the 8 bit numbe r

on the address bus. If it is an Input Type Register then a

load instruction from INDATA will fetch the data from that

register. If the register is an Output Type Register a

store instruction to OUDATA will load that register with the

data that was in the accumulator.

The address bus is automatically incremented after a

load from INDATA or store to OUDATA instruction . If the

software is accessing successive registers it does not have

to re-define the address bus.

2 .  The interrupt Handler

Figure 9 shows the Flow Chart for the Interrupt handler.

Upon receiving an interrupt via the CPU TW~ line the

microprocessor automatically stacks its own registers and

vectors the program to the starting location of the handler.

The first thing the handler should do is save the data held

in the address bus. This number will be restored to the

address bus just before the Return from Interrupt (RTI)

instruction is executed . Saving and restoring the address

bus allows the interrupt handler to use the PVDS ’s I/O.

23



[LOAD ACCUM A
IWITH REGISTER
L A.DDRESS

Example: Register is $41

ISTORE ACCUM
IN ADRBUS -

~~~~~~~~ NPUT TYPE~~~~~~ 

= $41

I LOAD ACCUM A IFOR OUTPUT TYPE REG.1
FROM INDATA J LOAD ACCUM A

WITH OUT PUT DATA .J
Address Bus — $42
ACCUM A data in Req $41

STORE ACCUM A
IN OUDATA

~~ Address Bus — $42
Reg $41 — data in

ACCUM A

NOTES: $ = HEX symbol
ADRBUS = $ CORE location of PIA that accesses the

Register ’s Address Bus .
INDATA = $ CORE location of Input Data PtA
OUDATA = $ CORE location of Output Data PtA

Fig. 8. Flow Chart to Access PVDS Registers .

L1T~ JiI. ~± ~~~~~~~~~~~~~~~~~~ • -



~ - - - - - - • .-~~~~~~~~~ • -~~~~~- -~~~~-~~~~~~~ ~~~~-- - -~~- - -  -~~~~~~~~~~~~~ -~~~~~-

‘‘ ~~~~‘ .
‘
—~~~~~~ C94-417

~~

~~

___  ‘- —--v

—

... _ __-_
I I •t •~~~L~~ - •, ~~ WI WIIS? I UI 1*1L •. ~ ‘~~~I ’ I  •

E l I S S

• 

-.. 

~~~ 

• _ _

Fig .9 .  Flow Chart for PVDS In t e r rup t  Handler .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- Jr Y rt~241 SH~ ~~ JDC

25

j  ~_I±_i_ ._ _ • ___ . _~
_ _
~__ • •~

_ 
- •~~~~~~~~~~~~~~~~~~~~ _ - -_ --—- -- - -•~~~~

_-



PVDS register $42 ($“HEX symbol) is an Input Type

Register and will contain the last number that is present on

the address bus. This number should be pushed onto the

stack. The reason the stack should be used is so that

interrupts can be nested.

If there are multiple peripheral chips in the system ,

then a check of bit 7 of the INTREG PIAs control register

will indicate if the interrupt actually came from the PVDS .

If so a “load from INT REG ” i n s t ruc t ion  will fetch the 3 bit

code ind ica t ing  which one of eight  priori ty in ter rupts  from

the PVDS occurred . This will also clear bit 7 of the

control register.

If the interrupt handler is to allow interrupts to be

nested then the CPU ’s interrupt r~ask should be cleared.

Now the program can branch to the routine corresponding

to the interrupt number. At the end of this routine, the

handler will pull the address bus register off the stack ,

restore it to the ADRBLJS P1k, and issue a Return from Interrup t

(RTI) ins t ruct ion.

The priority interrupt design in the PVDS is not a

Priority Structure in the true sense of the terminology . ~ If

two or more in terrupts  occur at the same time (if the level

is enabled) the highest priority interrupt will reach the

CPU . However , if the CPU ’s interrupt  mask is cleared in the

handler (e . g . ,  if in terrupt  nesting is desired ) then any

26
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other interrupt , higher or lower priority , will interrupt

the CPU. If the CPU int~ rrupt mask bit is not cleared until

the Return from Interrupt’ instruction (RTI) is executed then

no other interrupt will interrupt the CPU. Pending interrupts

are stacked , however, with the highest priority interrupts

getting to the CPU as soon as the interrupt mask bit is

cleared.

The above point is made because some systems allow a

given interrupt level handler to be interrupted by higher

priority interrupts. If needed , this can be implemented

with some hardware and software changes.

Each interrupt level can be enabled and disabled . The

enable register is $40, an Output Type Register and is

discussed in detail in Section XIV.

27



IV . FOUR PORT MEMORY DESIGN

The Four Port Memory Interface and Fast Memory Cards

are housed in one logic basket, namely the Memory Basket

(MB ) . A hardware layout is shown in Figure 10. The block

diagram of the Four Port Memory design is shown in Figure

11.

The design is based upon a digital bus switch which is

controlled by MicroprocessorA . This design allows the

controlling software in MicroprocessorA to switch a 12 bit

address bus and an 8 bit bi-directional data bus from any

one of four memory ports to any (or all) of four memory

blocks. The software may also switch the address and data

bus of the memory blocks to an external processing unit.

Processing can go on without disturbing any activity on the

common four port bus. The memory blocks are 4096 (4K binary )

X 8 bits and are termed Fast Memory Cards (FMC). The Fast

Memory Card connotation reflects the 30 ns speed with which

the memories may be operated. This section of the PVDS may

be better described as a programmable buffer switchinr

design. MicroprocessorA has complete control of the data

flow and data access. The expan sion of the system can

accommodate any sensor that will present digitized data,

with a 12 bit address to a memory port. Microprocessork

will handle the data flow and buffer switching. In the case

of the CCD, where the data may be 16 bits long per sample,

28

I _ _ _  -_  - -~~~~~_ _ _ _  
_ _ _ _ _ _



PT 
V 

__ 
-
~~~ 

_ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

~~~ 2 $ p.
~~~~~4 p.~~ 5 ~~~~~ ~~~~~~~~ P~~~~.5 i.~~~~.q 

p.~~~~~ ~~~~ ~ r.~~ -3 p’~~~’~~

)

i ~~~~.. ~~(d

1-h ~~ ~
;( 

~~~ 
)
~

~—i*.~~ ~~~~~ ~~~~ ‘~P s A~~*. 1 i~~~~~~~

- 
_

_1 -_ - . _________ ____ ——- —~~~~~~~~ 
____ ____ ____

C9~-~ 11

Fig.lO. Hardware Layout of Memory Basket.

, • • — - ,

29



c94-407

-o SZ W~1 *.~~~~~~~~~~~~ ~~ JJ~~~
b mu .

I ~ A.J SC.1*~. Ur~~~~

,.qS,.~~~~f ‘>.___—O I C..

~~~~~~ 1~
- — — — 

~~~~~~~~

~~ 
-= 

~~~~~~~~~ 
= ~~~~~~~~~~~~ &

L~~ 
d~4C&~ _E = 

~rT — = ~~~~ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _  

L - . -
I I

c~~~
1
~~~~ 

I 1

~~~~~~~~~~ ‘~~~~ ‘~~ ‘ . ‘.
~~~~~~-‘S

ft 
______ ______________I L~~~~ç~

LU. ~~~~~~~~~

cL_ _ _ - .......

~~S?
c.am~~ *

Fig.ll. Four Port Memory Design.

THIS ?A.,L :~~: ~~ALIt’i FRA.4.?L~4,A~~
~~~~~~~~~ ~~k 1 r ~~~~~ to zvc _ __

30



-

the CCD Memory Port interface would load 2, 8 bit words into

the Fast Memory Cards for each sample.

Microproces sork has control over enabling each memory

port. Each memory port sends its read/write line to the

Memory Control Card which is sent to the appropriate Fast

Memory Cards. To illustrate the flexibility of the design a

• coupit~ of scenarios are given below.

Microprocessork can connect the A/D Memory Port to two

Fast Memory Cards. When the video ’s sample window area is

enabled , dig itized video will be written into both memories.

The end of this sample time will interrupt MicroprocessorA
which will then switch one Fast Memory to the Modcomp and

the other to Microprocessor8. They can both do data reduction

on the same data.

Microprocessork can connect its own memory bus to any

one of the 4K blocks of memory via the MicroprocessorA

Memory Port Card . My one of the 4K blocks will appear as a

4K section of MicroprocessorA ’s memory map. MicroprocessorA

can perform memory diagnostics or data reduction .

The four port control and Fast Memory Card control is

interfaced to MicroprocessorA as a group of registers within

the Register Configured System Design . The details of these

registers are found in Section XIV. •
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V. VIDEO FORMAT AND VIDEO SAMPLING

Since the initial objective of the PVDS involves data

reduction on digitized video from the Ebsicon cameras it is

important to define the video format and the sampling

procedures.

The video is standard TV video, .30 Hz refresh rate w i t h

interlacing lines. For PVDS purposes the video sampling

area is given some specific definitions . These definitions

are discussed in this section of the report along with the

software considerations for sampl ing the video.

A. PVDS Definition of the Vid’~o

Figure 12 shows a timing diagram of the PVDS defined

video area . There are 525 lines . Line 1 is the first line

of retrace for the odd field. This line is also designated

as ROl (Retrace Odd Field 1). For PVDS purposes the sample

area consists of 241 displayed lines during the odd field

(DOl - D024l) and 241 displayed lines during the even field

(DEl — DE241). There are 21 retrace lines for the odd field

(RO1 - RO21) and 22 retrace lines for the even field (RE1 —

RE21).

The displayed area of one line is divided into sample

areas of 97 .68  ns each . There are 512 of these elements

across one line. Each element is digitized into an 8 bit

word .
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Figure 13 shows the displayed area of the video with

the PVDS defined form~at. Notice that the circles represent

the odd field displayed area and the squares represent the

even field. The two fields are interlaced .

Thus, the total sample area available to the software

appears as a grid of 512 elements by 482 lines. The 482

lines are drawn in groups of 241 , each group being an odd

field or an even field.

The software controls the sampling of any section of

the video . The area can be as large as 4096 elements.

There are two modes of sampling . The summed field mode adds

the odd field element and even field element before the data

a re sen t to the  memory . In this mode the video sample area

appears as a grid of 241 lines by S12 elements. In the

unsununed mode each element of the odd field and even field

can be sent d irec t l y to memory.

B. Definition of Terms

The software , wit•h its intera~ ion with the PVDS , has

complete control cf the video data that are sampled . To

discuss what this control will be requires some definition

of terms used in the PVDS. Figure 14 shows a sample area

that is drawn on the video along with a cursor. Refer to

this figure for the following definitions.

1. BOX - The sample area which will be drawn

on the video and will indicate to the
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operator what area is being sampled . The

software may enable or disable the drawing

of the BOX .

2. CURSOR •- A cursor may also be drawn on the

video inside the box. The cursor may be

blanked or unblanked as is the case with the

• box . The x , y center of the cursor is controlled

by the software.

3. BSC - Mnemonics for the Box Sample Card .

This card contains the logic for drawing both

the box and the cursor , the control of blanking

or unblanking and for generating the BOXWINDOW

si.jnal. There are three of these cards

(BSC 1 , BSC2, BSC3) which allows up to 3

sample areas to be independently defined . A

subscript on any  of the box parameters (e.g.,

XPOSBSC) indicates these are the data going to

the Box Sample Card .

4. CPI - The mnemonic for the Control Panel

Interface Card . This card contains the

operator controlled data for defining the

parameters of the sample area. A subscript

on any of the box parameters (e.g., XPOSCPI )

would indicate that these are data f rain the

CPI card.
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5. BOXWINDOW - This is the mnemonic for the

timing signal, generated by the BSC, that

enables the digitized video to the memory.

This signal is gated onto the Fast Memory

Cards if so enabled by the software . There

a re three such s ignals  ( BOXWINDOW 1 — 3 ) ,

one for each BSC. They are all independently

controlled .

6. XPOS C P I . YPOSCPI 
- This is the x and y position

of the box that is generated by the CPI card.

These 9 bi t  numbers define the upper left

hand corner of the sample area . The numbers

can be changed by the operator via the joystick.

These same numbers will be converted to SCO

and displayed on the control pane l for the

operator.

7. X S I Z E CPI , YSIZ ECPI 
- These two 9 bit numbers

come from the CPI card , are controlled by the

operator and w i l l  be displayed on the control

panel in BCD. They def ine the sample area

size .

8. XPOS BSC
, YPOS BSC .XSIZE BSC ,YSI ZEB~~ 

- These are

the actual 9 bit  numbers sent to the BSC to

allow the logic to draw the box and generate

38
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the BOXWINDOW signal.  The relationship

between the data received from the CPI

card and that sent to the BSC is given

in the following equations .

XPOSBSC — XPOSCpI~
l

YPOSBSC YPOSCPI

XSIZEBSC XPOSCPI + XSIZEcp1
_l

YSIZE85c YPOSCPI + YSIZEcpi l

9. XCENTER , YCENTER — This is the definition of

the x ,y center of the cursor.  Each is a 9

bit  number sent to the BSC . They are not

generated on the CPI card .

10. Begin Odd Field Retrace (BOFR) - This is the

t iming s igna l  that is generated by the logic

to indicate the beg inning of the retrace for

- 
. the odd f ie ld  of the video . This happens at

the beginning  of l ine 1. It is one of the

interrupts  to MicroprocessorA . The software

should send the box sampling information to

the BSCs at this time .

• 11. End Odd Field Retrace (EOFR) - This signal is
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generated at the beginning of line 21 and is

used to load the sample area information ,

sen t by the software , into the BSC logic.

This signal will happen approximately 1270 ~is

a f t e r  BOFR. This means the software has

this  much time to react to the BOFR interrupt .

12. Begin Even Field Retrace (BEFR) - This signal

happens at l ine 263 and is one of the interrupts

to MicroprocessorA . It indicates the beginning

of the retrace for the even field .

13. End Even Field Retrace (EEFR) - This signal

is generated at the beginning of line 284

approx imate ly  1333 •,s a f t e r BEFR. It is used

to load the sampling data sent from the

software into the BSC logic.

14. End of Box (EOB) - This signal will be an

interrupt to MicroprocessorA and is generated

when the last sample element has been sent to

the memory.

C. Defining the Sample Area

There are two sets of informat ion  to define the sample

area . One set of BOX coordinates is the informat ion that is

displayed on the Control Panel for the operator . This wil l

be the BCD equivalent of the binary information received

from the CPI card .
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The second set of sample area coordinates is that

needed by the BSC to generate the proper BOXWINDOW timing

signal and to actual ly draw the BOX on the video . Refer to

Figure 14 for a discussion of these definitions.

1. Coordinates from the CPI Card

The 4 pieces of information from the CPI card , needed

to define the sample area are :
• XPOS

~ pi
: Starting x coordinate of the sample area.

This wi l l  be the f i r s t  element per line

to be sent to memory .

Y POS~ pi : Star t ing  y coordinate of the sample area .

This will be the first line of data that

are sent to memory .

XSIZECPI : Number of elements per l ine  that wi l l  be

sent to memory . This is the size of the

box in the x direct ion , i. e . ,  width .

YSI ZE
~ pi : Number of lines to be sent to memory . This

Is the height of the sample box.

These b inary  9 bi t  numbers are contained in the registers

t 
- on the CPI card . The bit pattern and register numbers are

found in Section XIV of this report (System Control Logic ,

Detailed Register Description) . These 4 binary numbers

• should be converted to BCD and displayed in the Control

P*nel LWs . •

•
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2. Data to Box Sample Card (BSC )

The information needed by the BSC to generate the

• proper timing signals for the memory (BOXWINDOW ) and for the

BOX display has to be reformatted from that received from

the CPI card.

The relationship to the data from the CPI card is given

in the following equations and is also shown in Figure 13.

XPOSBSC = XPOS
~~ 1 -1

YPOSBSC = YPOSCPI

XSIZEBsc XPoSCPI + XSIZEcp1 -1

YSIZEBSC = YpOSCPI + YSIZECPI -l

The reason f or the reformatting is described in the BSC

logic description found in this report, Section X. Fzom

these 4 pieces of information the BSC will draw the sample

area on the video. The BSC also contains the logic to draw

a cursor on the video . The size of the cursor will be

determined by the size of the sample box. The center of the

cursor is determined by two more 9 bit words sent to the

BSC. These are XCENTER and YCENTER and define the center of

the cursor.

The bit pattern and register information for communicating

to the BSC c~n be found in Section X of this report.
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D. Control l ing the Sample Area

The best way to describe how the sample area is con-

trolled would be to qive a scenario from the time the

operator selects the sample area to the time the data are

actually being loaded into the Fast Memory Cards. Refer to

Figure 15.

The operator selects the position and size of the

sample area via a joystick and push buttons. These controls

increment or decrement four counters on the CI’I card. These

counters are the 9 bit registers which describe the X and Y

position and the X and Y size of the sample area.

These data are read by the MicroprocessorA software

which converts to BCD and writes to the control panel LED

displays. The data are also reformatted per the equations

given in Section VIIC above. This reformatted position and

size information is sent to the 4 , 9 bit  registers on the

BSC.

The BSC will then generate a BOXWINDOW signal which

does two things. It is sent to the video insertion logic

which draws a box on the video. It also enables the Fast

Memory Card to accept the digitized video at the correct

sample time .

F The BOX that is drawn on the video represents the

sample area . To prevent flicker the BOX is drawn on both

the odd field and the even field. The actual data that are
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sampled and sent to the Fast Memory Cards are determined by

one of two modes selected by the software. These being

either summed or unsummed f ield modes and these are described

in the next section.

To draw the sample area on the video , the video appears

as a grid of 241 lines by 512 elements. Referring to

Figure 13 it can be seen how the drawing of the sample area

actually takes place. The operator selected V position

(YPOSCPI) is 4. The hardware automatically draws the sample

area on line 4 of the odd field and line 4 of the even

field. The starting X position (XPOSCPI ) is element 9.

This element is illuminated for both the odd and even field.

The selection of the sample area is actually hardware

independent of the data coming from the CPI card. One of

the m odes of operation will be to have the above scenario

where the operator controls the BOX via the joystick.

• However , the software itself can automatically control the

sample area size and position . This automatic control may

be used in scanning the field or narrowing down on a particular

object if the initial sample area is bigger than needed.

E. Sending Data to the Fast Memory Cards

The sampled digitized data that are sent to the Fast

Memory Cards (FMC) can be in two formats, the sunsned field

and unsummed field, and are described below.
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1. Summed Field Mode

The summed field mode of formatting the digitized data

means the following . The same element, on a given line , i~or

the odd field and even field is summed and divided by two

before being sent to the ?MC .

This mode makes the video area appear as a grid of 241

lines by 512 elements. The smallest Y size will be 1 line.

This mode will be used when the data reduction is concerned

with sign.iture analysis and possibly centroiding .

Figure 16 shows a sample area with the actual memory

locations in the Fast Memory Card where the given element

would be stored. The elements are sequentially sent to

memory locations.

Notice that the operator displayed position of the box

is the same as the positional data from the CPI card . The

register that controls this mode and the bit pattern is

described in A/D Memory Port Section VIII.

2. Un-Summed Field Mode

The un-summed mode allows the data for the odd field

and even field to be independently sent to the FMC. This

format is shown in Figure 17. This makes the video appear

as a grid of 482 lines by 512 elements. The smallest Y size

sample area will be 2 lines.
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Shown in Figure 17 is the HEX location in the FMC of

each sampled element. Notice that the second line of

sampled elements is not located sequentially after the first

line. The software will have to unpack the data for proper

orientation of the sample area .

This mode will be useful when doing calibration processes

as the V direction of the screen is now divided into 482

segments rather than 241.

In the un-summed mode the Control Panel display will

show the BOX position as being:

XPOSDISPLAYED XPOSCPI = BCD.

YPOSDISPI~~YED 
(YPOScp1 X 2 ) l  BCD.

XSIZEDISP~~YED 
XSIZEc1p = BCD.

~~~~~~~~~~~~~~ = (YSIZE~p~ x 2) BCD.

The data that goes to the BSC will still have the same

relationship with the CPI data , but to the operator the

video area will appear to have twice as much resolution .

When the operator tells the CPI card to move the BOX

one line , the Control Panel Di splay w ill actually show a two

line increment . The same relationship will hold true for

increasing the height. For example , in Figure 17 the Y

position of the BOX is given by line 201. The operator can
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only move the BOX to line 203. In this mode the smallest

sample area has to be 2 lines, line 204 will be accessed ,

and thus sampled.

The Register and bit pattern information for this mode

is described in the A/D Memory Port Card, Section VIII.

F. Software Timing Considerations for Data Sampling

The Box Sample Card description gives the detail of how

the video sampling takes place . However , some overall

timing consideration should be brought to light here.

Interrupt lt!ve~l 2 is the Begin Odd Field Retrace (BOFR)

signal. Refer to Figure 12. All sampling parameters should

be set up at this time for the Box Sample Card . The numbers

for the BOX position , size and cursor center coordinates

should be sent to the BSC.

At the End Odd rield Retrace (EOFR) time the data sent

to the BSC is automatically loaded into the counters that

determine the BOXWINDOW timing. The time between the Beginning

and End of the Odd field retrace is approximately 1270 ~s.

This will be the maximum time the software has to set the

video sample parameters. During this time the software

should also enable the A/D Memory Port and the appropriate

Fast Mewory Cards .

The sampling parameters need not be set again unless

they are to be changed . The hardware will continue to use

the original parameters until given a new set.
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The important timing consideration is for all bus

switching and BSC parameters to be set up during the video

retrace .



VI. MICROPROCESSORA MEMORY PORT (MAP)

Figure 18 is a block diagram of the MicroprocessorA

Memory Port (MAP). The MAP enables MicroprocessorA access

to any one of the 4K FMC memory blocks as though they were

part of MicroprocessorA ’s memory map.

The control for enabling the MAP is through the System

Control Basket and in particular is register SD2. By enabling

the MAP and one of the FMCs , MicroprocessorA can read and

write to the memory . This capability allows a hardware

diagnostic for the Fast Memory Cards as well as some capability

for data processin;. It can also be a means of data transfer

between MicroproctssorA and the Modcomp or MicroprocessorB

since they will hive ~iccess to the FMC8 via the external

port. Shown below is Re ;ister SD2 for accessing the MAP.

(MsB) (LU)
111 511

b 
i _~~~~_L__i ‘~ 1 ~ 2 l 

~
• MAP WR N L S  ~ X PU1 .S ~~ ruLs WR PU LS • - - - UNUSED

tiN FMC 1 
I ~~~~~ 

FMC4 I I

~~~r~1 1T1 131 1;1 r~
MAP ON: 1 = The MicroprocessorA ’s memory address
(Bit 7) and data bus is connected to one of the 4K

blocks of memory .

= MicroprocessorA is disconnected f rom the common

FMC bus .
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WR PULIS FP4C1(2,3 4 ): 1 A write pulse will be sent to the
(Bits 6 - 3)  specif ied FMC (during write cycle)

g - No write pulse sent.

MicroprocessorA ’s memory bus is interfaced to the MA.P

by the Microprocessor Bus Extension Card (MBE).  The output

of the MBE card is a 12 bit address and 8 bit bi-directional

data bus. There is a HEX switch on the MUE card that is

used to set the starting address of the 4K block of memory.

This starting address is in 4K increments. For instance, if

the switch is set at 1, the FMC would represent memory

locations 4096 to 8191.

MicroprocessorA actually has access to all ~ -K of the

FMC’s. By switching the FMC ’s via the System Control

Basket each FMC can be accessed as the same 4K block in the

memory map.

The 4K block of memory that is enabled appears as a

4096io memory locations in MicroprocessorA ’s memory map.

Software can do reads and writes as it can for another port

of its memory . The Wri te  Pulse to FMC 1(2 , 3, 4) enable bits

is a result of the hardware 4 port design . This allows, up

to all 4 FMC5 to be written to at the same time. To have a

FMC appear as a 4K block of memory , the particular FMC card

must be enabled as well as the Write Pulse bit. In this mod.

the memory can be read as well as written to, just as any

standard block of memory in Microproce..ork’s memory map.
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The Control Register Configuration to access FMC2 and

to have it appear as a 4K memory block from $2000 to $2???,

with the capability of being both read and written to, would

be the following :

1. Set the switch on the MBE card to 2.

2. MAP Control Register, $D2 would have the following

bit pat te rn .

Bit 7 - 1 - ON/OFF

B i t 6 = Ø  - WR PUI.S FMC1

B i t S - i  - WR PULS FMC 2

B i t 4 = Ø  - WR PULS FMC 3

B i t 3 - Ø  - WR PULS FMC4

Bits 2— $ — X

3. Fast Memory Card 2 would be enabled and in the

Internal Mode : Thus Register $D~ would have

Bits 7 , 6 — 0

Bit 5 - 1 FMC2 ON/OFF

Bit 4 = 1 FMC 2 INT/EXT

Bits 3 — $ — Ø
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VI I .  A/D MEMOR Y PORT (ADP )

Figure 19 shows a block diagram of the A/D Memory Port

(ADP) Card. This card formats the digitized video for the

Fast Memory Cards.

The dig itized video is received by the ADP card and re-

transmitted back to the 20 Mhz AID, D/A box. Since the

video is constantly being di gitized the re-transmitted data

can be converted back to analog and presented as one of the

video displays. An operator comparison of this video and of

the live video will qive a verification of correct digitizing

of the analog signal.

The control of the A/D Memory Port Card is through

Register $Dl and $D3 with the bit patterns given below.
(MSB) (LSB)
BIT BIT
7 

~~~1 ~ i 3 2 1

ADP WR ~ }- WR WR
ON I n-i.s pvi~s 1 t 1 s  ~ox kox x

FMC 1 
r~t 

F~1~ FMC6 ~ r~
-t 2 

6 ~ f7•
RE~;1STF.R $D 1

ADP ON: 1 - The A/D Memory Port has control of the comon
(Bit 7)

bus and can thus write to memory .

- The A/D Port is disabled .

WR PUIJS FMC1(2 ,3,4): 1 - Write pulses during the BOXWINDOW
(Bits 5—3 )

t ime will be sent to the appropriate

(one or all) FMC ’s.

= No writing is done to memory .
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EN BOX1 (2,3): 1 — The appropriate sample box signal, BOXW INDOW ,
(Bits 2—0)

will be enabled .

= Disable BOXWINDOW1 (2,3).

(MSB) (LU)
BIT BIT

i~~~~~~~~~~ i 
S

I 
4 

1 ~ 2 1 
~

JNSUM — Unused at Present
lODE

ri1~~~~~~~~rT1 H r d d r
RF:c:ISTER SD)

UNSUM : 1 = Ljnsummed mode , i.e., send both odd and even video

fields to the FMCs.

0 - Sum mode , sum the data from the odd and even fields

and then send it to the FMC5.

The ADP ON bit in Register $Dl, bit 7 enables the A/D

Memory Port to access the common bus. The Write Pulse to

FMC1 (2 ,3,4) determines which memory (up to 4) receives the

data. The Enable Box 1 (2,3) bits are used to enable the

BOXWINDOW signal from each one of the Box Sample Cards (BSC1-3).

This would depend on which sample area was to be sent to

memory . The option is there , however , to enable up t o - a l l  3

sample areas to be sent to the FMC5.

I f more than one FMC is to be loaded with data then the

appropria te Write Pulse to FMC bits should be enabled along

with the corresponding Fast Memory Cards. To enable the

Fast Memory Cards the software accesses the FMC control

58 

Ii ~~~~ • - - 



register, $D9, a description of which is given in Section VIII.

Reg ister $D3 is used to define how the digitized video will

be formatted before being sent to the FMC5 . In the sum mode the

corresponding elements of the odd and even fields of the sampled

area wi l l  be summed before being sent to memory . In the un-

summed mode the odd f ie ld  wi l l  be sent to memory and then the

even f i e l d .  This mode w i l l  be used in star calibration type

operations.

I!
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VIII .  FAST MEMORY CARD (FMC )

There are four identical Fast Memory Cards (PMC ) in the

system. Each card is 4096 x 8 bits and can be accessed at a

20 Mhz rate . Figure 20 shows a block diagram of the card.

The memory has a 12 bit address , 8 bit data bus , read!

write control, and a write pulse input. All these signals

are connected to a 3-way d ig i ta l  switch. The memory can

thus be accessed and controlled from either the common

memory port bus or an external  source . The third switch

position is the o f f  posit ion where the memory is disconnected

from both sources.

Register $D0, an output register , is the control register

for all four memories.

(MU ) (LU)
BIT BIT

i b 
~~~~~~~~~~ ~ i 2

J 
1 0

FMC 1 fllC 1 
~ I ~~~ FMC ~ FMC4 FMC4

ON/OFF INT/ EXT ON /OFF TN T / EXT ON/OFF INT/EXI ON/OFF INT/EXT

1~1 1 i - 1 r n 1T1 r;i r~i j ~
ON/OFF - 1 Memory is enabled and is connected to the common

bus or connec ted to an external source

depending on the state of the INT/EXT bit .

- ~ Memory is disconnected from system , INT/EXT bit

is ignored .
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T~~~
INT/EXT = 1 Memory is connected to common memory port

system .

= 0 Memory is connected to an external source

for independent access.

FMC 2 - FMC 4 (bits 5 - 0) have the same format.

When a FMC is connected to an external source such as

the Modcomp or MicroprocessorB, the memory may be accessed

independent of what is happening on the 4 port common bus.

It is this buffer switching capability that allows processing

to go on while live data is still being accessed .

There would appear to be some redundancy in the design

where the FMC has a Read/Write Control as well as a Write

Pulse input .  This design allows for  1 to 4 FMC8 to have the

same data wr i t ten  to each by having the memories enabled

into the Write Mode and having the appropriate Memory Port

enable a Write Pulse. Each Memory Port control has an

Enable Write Pulse to FMC1(2,3,4) bit to accommodate this

design.
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IX. BOX SAMPLE CARD (BSC)

The Box Sample Card (BSC) contains the logic for generating

the video sampling signal (called BOXWINDOW) from information

received from Microprocessor
A
. The BSC also generates the

• timing signal to draw the sample area and a cursor on the

video r;creen . There are three separate BSCs thus allowing

three separate sample areas to be defined.

There are six 9 bit words the BSC needs to define the

sample area and the center of the cursor. They are :

XPOS
Y POS
XS I Z E  For the box

YSIZE /

XCENT ER 1

YCENTER j  
For the cursor

The bit pattern and register numbers are ~óund in the detailed

• log x~ description section of this report , Section XI II . Figure

21 shows a block diagram of the BSC .

The sample box area is generated only during the displayed

portion of the video . The software has t ime to set and

define the sample area during the vertical retrace . The

-
, 

. Beginning of Odd Field Retrace (BOFR) signal interrupt.

MicroprocessorA to alert it to send data to the BSC to

define the box. These data are loaded into the holding

registers in Figure 21. The in format ion  is then loaded into

63
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the various box coun ters at the End of Odd Field Retrace

(EOFR). The software has approximately 1270 ~is to send this

information to the holding registers before the vertical

retrace time is over.

The XPOS n umbe r de f ine s the l e f t  hand side of the

sample area . The X S I Z E  n umber is the sum of the XPOS and

• the actual width of the box defined by the operator. These

two countcrs are decremented by the element clock and are

reloaded from the holding registers at the beginning of each

line . Thus , when these two counters count down to zero, the

borrow pulse from the XPOS counter defines the beginning of

the sample box and the borrow pulse from the XSIZE counter

defines the end of the box area (in the X direction).

The same philosophy holds for the Y counters. The Y

direction counters are decremented by the line counter and

are loaded at the end of each field retrace .

Thus the box is defined in the X direction and the V

direction . The logical AND of these signals generate the

BOXW INDO W signal. This s ignal  gates the d ig i t ized  video

into the FMC.

The BOXWINDOW signal is also used as the video insert

signal to draw the box on the screen . The displaying of the

sample area is controlled by the BOX Control Register with

the bit pattern defined in Section XIII.

_ _  
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A cursor may also be drawn on the video . The height

and width of the cursor is defined by the box size . The

center of the cursor is defined by 2 more 9 bit registers

called XC ENTER and YCENTER .

The cursor is only used for display purposes. The X

and Y center information is loaded into the holding registers

at the beginning of the odd field retrace time . The V

center and X center counters behave identical to the X an Y

position and size counter logic. The cursor may be displayed

or blanked via a bit in the BOX Control Register.

The cursor may be used to show the centroid position of

an object in the sample area. Or, if the box display is

blanked and the cursor is enabled , the cursor could be used

as a tagging character.

The cursor could a lt o  be made to look l ike  the cross

hairs now used at the ETS. By blanking the box display yet

making  i ts size to be as large as the screen , the cursor ’s X

size and V size would cover the whole screen . The software

would now take the p os i t iona l  informat ion from the CPI card

as d e f i n i n g  the center of the cursor.  As the operator moves

the joystick , the cross hairs  would follow .
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X. I NTERRUPTS USED IN THE SYST~ I

The fo l lowing  is a discussion of the actual interrupts

used in the system. Table 2 is a summary of the interrupts

in the system.

A. Interrupt Levels

Level 0 is the highest priority interrupt and is used

for  the End of BOX (EOB) signal. This s ignal  tells the

software when the sampling has just finished . That is. when

the last  element of the sample area is loaded in memory , the

EOB interrupt occurs. At t h i s  time the software can do the

appropriate buffer switching to allow a processor to reduce

the data.

Level 1 is the indication of the beginning of the odd

f i e l d  retrace ( B O F R ) .  This happens at video line 1. The

sof tware  has app rox ima te l y 1270 i~5 before  the end of the odd

f i e l d  retrace occurs. At t h i s  t ime the sample counters are

loaded w i t h  the sample parameters and the logic starts  the

video sampling process.

Level 2 is the beg inn ing  of the even f ie ld  retrace

(BEFR). This would probably be used for diagnostic or, in

conjunction with the BOFR interrupt , it can be used as a 60

Hz timer.
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TABLE 2
INTERRUPTS USED IN PVDS

INTERRUP T MN~~4ONIC DESCRIPT ION
LEVEL

0 EOB End of Box In terrupt - tells
when the sample time is furnished
(highest p r i o r i t y) .

1 BOFR Begin Odd Field Retrace - this
is the beginning  of the retrace
for the odd f i e ld .  All parameteri
for the sample are set up during
this interrupt

2 BEFR Begin Even Field Retrace — this
is the beginning of the retrace
for the even f ie ld .  This will
probably be used for diagnostics
or as a 60 Hz timer.

3

4
Unused

5

6

7 CI Console Interrupt . This is from
a switch on the Control Panel.

Interrupt  Levels 3 - 6 are unassigned at present.

Interrupt level 7 is the Console In ter rupt . This is

activated by a momentary switch on the Cont rol Panel. It

wi l l  be used to alert  the software to service the operator .

B. Enabl ing/Disabl ing the Interrupts

There are several levels of enabling and disabling the

interrupts in the system . The f i r s t  is in the CPU i tself .
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F
There is an Interrupt Mask that may be set or cleared under

program control. The second is control register bit 0 of

the INTREG PIA. A 1 in this bit enables the interrupt, a 0

disables it. The final level of control is through the 8

interrupts in the logic. The interrupts are enabled or

disabled through output register $40. The 3 LSBs are the

• interrupt number (high truth) . Bit 3 is set to a 1 to

enable the interrupt and a 0 to disable it.

I.
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X I .  CONTRO L PANEL

The Control Panel is shown in Figure 22. This panel is

made up of programmable switches and LEDS . The two banks of

LEDS (8 each) represent two output registers to the sof tware

and can be lit or extinguished under program control. The

two sets of 8 toggle switches are two input type registers

and their states can be interrogated by the software.

Normally the LED above each switch will be lit , by the

software, when the operator pushes a switch up. This will

provide verification that the software received the correct

switch information.

Also shown in Figure 22 is the Sample Area ’s position

and size display as well as the centroid position of the

object. These HEX LEDS are driven by the software.

The detailed bit pattern and register information for

the Control Panel LED ’s and switches as well as the sample

area display information is given in Section XII. This

section of the report gives a qualitative description of the

functions on the Control Panel.

A. Memory Control

The top row of switches defines the memory control .

This includes the access to the Fast Memory via the A/D

Memory Port (ADP) or the Microprocessor A Memory Port (MAP).

AUTO/MAN: This switch defines whether the sof tware

will control the Memory (AUTO ) or if in the manual (MAN)
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mode, memory control will come from the operator via the

switch settings.

ADP :

ENABLE - When th is switch is up, the video A/D Memory

Port is enabled and will have access to the common memory

bus .

WR PULS TO FMC1 - This switch will enable the Write

Pulse to Fast Memory Card 1.

ENAB SMPL BXl - This switch wifl. Enable Sample Box I.

through the A/D Memory Port.

MAP:

ENABLE - This will enable the Microprocessor~

Memory Port (MAP) onto the common bus.

WR PULS TO FNC1 - This awitch will enable the Write

Pulse to the Fast Memory Card 1 from Microprocessor A
FNCI:

ON - This switch enables the Fast Memory Card 1. If

this switch is OFF then the INT/EXT switch has no function.

INT/EXT - This switch defines who has the FMC1. The

common bus and Memory Ports (INT) or the outside world

(EXT).

B. BOXl/CURSOR1 Control

AUTO/MAN - In the Auto Mode the software will control

the conditions . The Manual Mode (MAN ) will allow the operator

to define the controls.
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ENABLE EOB - This switch Enables the End of Box interrupt

to be passed on to the MicroprocessorA .

UNSUM/SLIM MODE - This defines what mode the digitized

video is stored into memory : fields summed or unsummed

before being sent to FMCI .

DISPLAY BOX 6 DISPLAY CURSOR - These switches wil l

enable or disable the displaying of the Sample Box or Cursor

on the video.

CURSOR TO CROSS hAIR - This switch allows the operator

to define the cursor as a cross hair similar to the one now

used at the GEODSS ETS.

The non-programmable switches used on the Control Panel

are a CONSOLE INTERRUPT Switch and a RESET/START MASTER

CLEAR switch.

The Console In ter rupt  is connected to interrupt number

7 of MicroprocessorA and wi l l  be used by the operator to get

MicroprocessorA ’s attention for various tasks.

The Reset/Start Master Clear switch sends a master

clear pulse to the logic as well as pulsing MicroproceasorA ’s

RESET line. This wil l  cause it to go to the program initialization

routine and restart the operating program.

C. CONSIDERATIONS

The Control Panel reflects a minimum configured PVDS

system. There is only control for one Fast Memory Card
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( FMC1) and one Box Sample Card (BSC I) .  The system is designed

and built  to handle 4 FMCs on 3 Sample Boxes bu t the initial

software and hardware development will start with a minimum

system as the Control Panel shows .
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XI I.  INITIAL AND FINAL SYSTDI OBJ ECTIVES

Since the PVDS is a development system and we need to

define and write some fundamental Bookkeeping and control

software the initial system will be hardware configured in

the following manner -

1. There w i l l  be 1 Fast Memory Card .

2. The re w i l l  be 1 Sample Area (Box Sample Card).

3. MicroprocessorA will be both the bookkeeping and

control processor as well as the unit for doing

data reduction on the digitized video.

The initial software program development should include

the following -

1. Communication to the Control Panel

a. This would include reading the switches and

lighting the LED5 behind the switches.

b. This would also include getting BOX position

and size information and displaying such in the

HEX LEDs.

2.  Program to control the Sample Area Size and Position

a. Read data f rom CPI card .

b. Format the data and send to BSC

c. Enable the FMC and the ADP via instructions from

the Contro l Panel.

d. Convert posi t ion and size data to BCD display

format for operator display.
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e. Control the formatt ing depending on the state of

the UN-SUM or SUM Field switch.

3. Calculation of Centroid

a. The Sample Box will be positioned by the operator

and the digitized data are snatched by the FMC.

b. The centroid of the object is computed and dis-

played in the HEX LEDs on the Control Panel.

c. The cursor is enabled with the center being over

the centroid of the object.

d. Initially this routine will not have to run at a

real t ime rate , i.e., 30 Hz.

4.  Make the cu rsor into a Cross Hair c~ ntrolled via the

joystick .

5. A PLC type Aid -

This routine would allow the operator to put the sample

box over a star. The system would snatch a frame of

data in the un-summed field mode . The program would

display the centroid of the object and give the RA and

DEC position calculated relative to an earlier calibra-

tion sequence . In this mode the star of interest would

not have to be boresighted each t ime to f ind  its

position . A routine could be written to map any non-

linearities in the camera to allow the position of the

star to be determined when it wasn ’t at boresight.
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6. Fast Memory Diagnostics

a. Connect the Microprocessor~ Memory Port

to the FMCI .

b . Wri te  data to the memory and then read it back

for verification .

After these initial objectives are met the centroiding

software routines w i l l  be transfered to MicroprocessorB
which w i l l  be connected to one or two Fast Memory Ca rds.

The Mod comp w i l l  also be connected to a Fast Memory Card .

The hardware communications between Microprocessork and

both the Modeomp and MicroprocessorB are already built and

software can be written. The other 3 Fast Memory Cards and

the two Box Sample Cards only have to be assembled . The

co n t r o l l i n g  logic and cabl ing  is already instal led and

checked out.

Thus , after the above initial software routines have

been developed , the basic hardware checked out and a f amil iar i ty

w i t h  the system accomplished the f i n a l  system objectives wi l l

be-

1. Mic roprocessorA w i l l  control operator communications

bookkeeping rou t ines  and system synchronizat ion.

2. MicroprocessorA will have access to the FMCs and

will do centroiding algorithms or PLC type aiding

routines.
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3. The centroid of an object as well as x ,y vector

information will be passed to the Modcomp.

4. The Modcomp will have access to a FMC and will

have the capability of doing data recording or

reduction .
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T ~
X I I I .  SYSTEM CONTROL LOGIC - DETAILED REGISTER DESCRIPTION

This section of the report describes, in detail, all

the registers in the system. The bi t  pattern and functional

description is given . The register address in hex ( S—HEX

symbol), register type , logic card name and location , soft-

ware label and functional description are also given.

The number in the lower r ight  hand corner of each

register bit pattern layout represents the bit number that

the hardware uses. Unfortunately, the hardware defines bit

7 as the 1.58 whereas Motorola defines bit 7 as the MSB.

All bit pattern descriptions in this report refer to the

sof tware ’s in te rpre ta t ion  of bi t  7 being the MSB .

_ _



DETAILED DESCRIPTION OF

- ALL LOGIC REGISTERS
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LOGIC CARD NAME
UNUSED AT PRESENT

LOGIC CA.RD LIOCATION~~

Register Register Softwa re F~a~ctional Descript ion
ddress Type Label
(HEX) INPUT ( t L ~ ~ì- Ptoc)OUTPUT ((roe p -Pr o c )

$0.

$0 I

$02

SO J

$04

SOS

$06

$07

$08

$09

4A

48
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LOGIC CARD NAM E Control Pane l I n ter face  Card ( CPI )

LOGIC CARD LOCATION : Sys t ea Control Basket 1 (SCB-l)

Register Regis ter  Software Functiona l Descript ion
Wdresa Type Labcl

( HEX ) INPUT (to i—Pro c)
OUTPUT ((ran ij -Proc)

$10 INPUT BXCSW BOXI/Cursorl control switches

$ 11 OUTPUT BXCLI) 8 tEDs above set of toggle
switc hes

$12 INPUT MCSW Meaory control toggle switches

$13 OUTPUT HCLD 8 tEDs above 2nd set of toggle
switc hes

$14 INPUT XSZIN 8 MSBS of operator requested
X sa.ple size

$15 INPUT Y S Z I N  8 MSBs of oper ator requested
Y saaple si ze

Sib INPt ’T XP OS IN $ I~~Ba of operator requested
X saaplc area position

$17 INPUT YPOSIN 8 MSBs of operator requested
Y saaple ares position

$18 INPUT X11S~S 4 LSBs of operator requested
X .Y si ze and X ,Y position

$19 OUTPUT DISP1 8 MSBs of the 12 bit HEX LED
displays on control panel

S1A OUTPUT DISP2 4 MSBs of HEX LED data plus ,
4 bit latch code

$18

$ ic

$10

S1E

82

I



f__I.- 
-

-—_ 

__ 

_ _ _ _ _~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~ -._~~~ -~~~~~ -

~~~~~~~

_-

_ _  
~
1. up

t44-t 
i~p ~?1 ~~ 

- - - -

C ~~~~~ =__ _
- ~~~~~ ~~~~~5 — - . S U S  -

~ 
- - 

~~~~~~~~~~~ -~ .-~~~~*. 
..— ~‘. —

~ ‘ -CS~~Y~~~~~~~ ~~~~~~1~O.4

~~~~~~~~~~~~ COr~ T~~OL PAJ’~~~L.

..~ p ~~~~ • .U ~~?m
I I I I I I I

.. .-~~ ~~~. ~~~~~~ 
— 

~~~~~~~q~ ...~ ~ ~~~~ •.~

iY~~ :
~~~~~ D~~~~~~ b~~~~

~ ~~~~~ ~
- — - — ——— S.—,—- . ~~~~~~~~ ~~~~~~~~~~~~~ — ________ _________________

U U
/~~~~~~~~~\ /-

~~~~~~3~~~~
~~~, L-..~.-.-~~~~ .a~~ ..~~~~. ~~~~~~~~~~~~ 

— - - ~~~-~~

- —---- . , _ --  — - —-- C~5-4OSA

Fig.23. Control Panel .

- - ~u,U~lTI
TO I*~ -~~~~~~~~~~~~~

83

_ _



~~

— --- _ --

~~~~~

- .-_ ,_-__ - 
_ _ _ _ _ _  _ _ _ _  

.- —--- ‘—-

~~

---

~~~~~~~

- - - -  .-

~~~~

—=---.--- - -

CARD UkM E - CPI

CARD LOCATION SCB-l

REGISTER ADDRESS - - -

REGISTER TYPE INPUT

REGISTER LABEL - - - - aXCSW

(MSB) (LSB)
BIT BIT

6 
~ i ‘p 3 2 1 L •

AUTO/MAN D4AB UN-SUM DISP DISP CURS
EOB 

j  
MODE BOX ~~~

2 f li T

BOXl/CURSOR1: Control Register (refer to Figure 1).

AUTO/MAN : 1 - AUTO mode of control .
(Bi t 7)

0 - Manual mode of box/cursor control.

ENAB EOB: 1 - Enable End of Box interrupt to PCCX card.
(Bit 6)

0 - Disable.

UN-SUM MODE: 1 = Fields are not summed when sent to FMC.
(Bit 5)

0 - Sum fields together before sending to FMC.

Bits 4, 3: Unused at present.

DISP BOX: 1 - Display sample box on video.
(Bit 2)

0 - Blank .

D ISP CURS : 1 - Display cursor on video.
(Bit 1) - Blank .

CURS X-HAIR: 1 - Make cursor into a croashair and ignore
bits 1 and 2.

- Use bi ts 1 and 2 to determine box and
cursor function.
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This register reflects the operator requested mode of

the BOX, CURSOR and the sample area. The actual control of

the BOX and CURSOR is through registers $50 - $57. The sample

box enable control is found in register $Dl.
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CARD NAME - CPI
CARD LOCATION - SCB-l
REGISTER ADDRESS - - - $11
REGISTER TYPE OUTPUT
REGISTER LABEL - - - - BXCLD

(MSB) (LSB)
BIT BIT

1 6 , 4 i 3 2 1 
~ 

0
AUTO/ EOB LED UN-SUM DISP DISP X—HA IR
MAN LED BOX I CURS LED
LED LED LED

0 1 2 3 4 S 6

l L i ght LED

0 - Extinguish LED
This register represents the 8 LEDS above the BOX1/CURSOR1

control toggle switches ($10) . Norma l operation would call

for the tEDs to be l i t  whe n the switches are up (i . e . ,  bits — 1) .

Re fer  to Figure A.

86 

—~~~- -—- — - - - - _ -~~~—- — ---- - — ---- - ----~—
_ - - --~~~~~-.-



_ _  -_—,--- - —---~~~~—.- -— ------- --—— - - , -—--- --- -~~-- - - -_ _ _

CARD IW4E - CPI

CARD LOCATION SCB l

REGISTER ADDRESS - - - $12

REGISTER TYPE INPUT

REGISTER LABEL - - - - MCSW

(MSB) (LSB)

B IT BIT
7 j b 

~ “ i~~~ i 3 2 1 0
AUTOIMAN DIAB ADP WP ADP DIAB ~4AB WP ON INTIEXT

SMPBX 1 MAP MAP FP4C1 PHd

r~~ r~
Memory control switches (refer to Figure 23).

AUTO/MAN : 1 - Memory controlled via software routines.
(Bit 0)

0 - Memory control led manual ly ,  i.e., via these
switches .

A/D Memory Port Control

ENAB ADP: 1 = Enable AID memory port on to common adc~ress bus .
(Bit 1)

0 — Disable ADP.

WR ADP : I - Allow the write pulse from the A/D memory port to
(Bit 2) be passed to Fast Men~ory Cards.

0 - Disable wri te  pulse .

ENAB SMPBX1: 1 - Enable the BOXWINDOW signal from Sample BOXl
(Bit 3) to the FMCs.

MicroprocessorA Memory Port Control

ENAB MAP: 1 - Enable MicroprocessorA Memory Port onto(Bit 4) common address bus.

• 0 - Disable MAP
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WP MAP : 1 - Enable the write pulse from Microprocessork to(Bit ~ be passed on to Fast Memory Card.

0 - Disable write pulse.

Fast Memory Card 1 Control

ON FMC1: 1 Fnable Fast Memory Card 1.
(Bit 6)

O - Disable FMC1.

tNT/EXT FMC1: 1. - FMCL is in exte rnal mode (ignored if bit 6 —
(Bit 7)

0 - FMC1 is in Internal mode.

These switches are operator inputs to the controlling soft-

ware and have the above definitions. The registers that actually

control the A/D Memory Port , Microprocessor~ Memory Port, the
Fast Memory Cards , found in registers $D0 through $D3.
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CARD NAM E - CPI
CA RD LOCATION SCB-l

REGISTER ADDRESS  -  $13

REGISTER TYPE OUTPUT

REGISTER LABEL - - - - MCLD

~MS I~) (LSB)
BIT BIT

1 6 4 i ~ 2 1 0
AUTO /MAN ENA B lIP ADP ENAB ENAB VP MAP ON FNC1 INT/Err

ADP LED LED SMPBX.1 MAP LED LED LED 1 FMC 1 LED
] J LEDl o t j l

~~ 
1 4 5 6

Memory Control tEDs.

1 = LED is lit.

0 = LED is extinguished.

This register represents the LED5 above the Memory

Control toggle switches. Normal operation , in the Manual

Mode call for the tEDs to be lit when the switches are

(i.e., = 1). Refer to Figure A.
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CARD NAME  CPI
CARD LOCATION SCB-1

REGISTER ADDRESS  -  $14

REGISTER TYPE INPUT

REGISTER LABEL - - - - XSZIN

(MSB) (LSB) BIT 7
BIT BIT ~.EC $18

- 7 6 4 3 i 2 i 1 j  0
LSB 1

_____ 8 MSBs of Box x Size x Size ,

H ~~ 
I2~~ H H ~ 1 6 1  L~~~~~L~~

This is the 8 MSBs of the operators requested box

sample size in the x direction , i.e., the box width. The box

size Is represented by a 9 bit binary number. The LSB is

found in Register $18, bit 7. Figure 24 is a graphic re-

presentation of the sample area. The binary number is

high truth. The representation of this term in Figure 24

is XPOSCPI and is equal to

xsize
~p1 

= $0~~ 0 0 0  1~~’~~ = 29iø
This means the box sample width would be 29~~

elements wide.

When reading this register, the software must always read

Registers $14 through $18.
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